Background: Dyadic deaths comprise of deaths occurring when two or more persons die together or one after another in the same incident either with or without a pact. The incidence of dyadic deaths varies from community to community. The international rate of homicide-suicide dyadic deaths ranges from 0.05 to 0.55 per 100,000. A variant of homicide-suicide known as filicide-suicide involves the killing of children by a parent. Terms 'maternal filicide' or 'paternal filicide' are used when the perpetrators are the mother or the father of the victim respectively. In all alleged and suspected cases of filicide-suicide, the information collected during the police investigations, crime scene investigations and autopsy findings should be corroborated carefully to avoid missing valuable information that can reveal unknown perpetrators related to the incident. Case presentation: We report a rare case of the filicide-suicide, where the perpetrators were parents who killed their children by hanging before hanging themselves at their residence. Conclusions: The information collected during the police investigation, crime scene investigation and autopsy findings should be corroborated carefully to avoid missing valuable information that can reveal an unknown perpetrator related to the incident. In such cases, the forensic pathologist plays a critical role in the assessment and determination of the various risk factors associated with such incidences to the medical and legal community.
Background
Dyadic deaths involve deaths that occur when two or more persons die together or one after another in the same incident with or without a pact. Suicide pacts represent less than 1% of all suicides (Prat et al. 2013; Brown et al. 1995) , but at times, suicide may follow an act of homicide by the perpetrator (Du Plessis and Hlaise 2012). Most dyadic deaths take place at the home of the perpetrator or the victim. Incidence of such types of deaths varies between communities. The international rate of homicide-suicide dyadic deaths ranges from 0.05 to 0.55/100,000 population (Roberts et al. 2010) . In England and Wales, and the New Zealand, the reported frequency is approximately 0.06 and 0.08/100,000 populations respectively whereas in Miami this accounts for 0.55/100,000 populations (Flynn et al. 2009 ).
A variant of homicide-suicide is the killing of children by a parent which is termed as filicide-suicide (Roberts et al. 2010; Flynn et al. 2009 ). The terms 'maternal filicide' or 'paternal filicide' are used when the perpetrators are the mother or the father of the victim, respectively. Hanging as a method of homicide in filicide-suicide is not commonly reported in literature. We report a rare case of filicide-suicide, where the perpetrators killed their children by hanging before hanging themselves at their residence. To the best of our knowledge, quadruple hanging as a homicide-suicide complex has not been reported in earlier literature, and thus, this report can be a useful addition to the existing literature.
Case presentation
children, aged 35, 32, 8 and 5 years respectively, were found completely suspended side by side from an iron pipe on the roof of their hut (Fig. 1) .
The eldest son, aged 11, was sleeping in the same room but was unharmed and saw his family members hanging when he woke up early in the morning. He immediately rushed to the nearby temple and informed the caretaker who called the police. Investigating police officers found no evidence of struggle/scuffle at the scene. However, an organophosphate compound containing container (Premain) was recovered from the scene. Clothes of both dead children and the bed sheet were stained with vomitus at places. All evidence were collected and subsequently forwarded to the Forensic Science Laboratory for chemical analyses. On enquiring the only survival child, we found that he was not given any sort of medicine or poisonous substances and also he did not make any complaint of features suggestive of poisoning. Police interrogate the only surviving child, priest and other caretakers of the temple and revealed that the couple was under immense mental stress over the preceding few days because of their inability to pay debts, which possibly led them to take such an extreme step. No history of past suicidal attempts was found. All the deceased were shifted to the mortuary for post-mortem examination. At autopsy, the following was observed:
Examination of the body of the adult male showed the following:
It weighed 45.5 kg and measured 176 cm in length. Rigour mortis was present all over the body. Postmortem staining was present over both lower limbs and fixed. The conjunctiva was pale bilaterally. The tongue protruded externally from the mouth together with dryness of the exposed part. Dried salivary stains were present from the right angle of the mouth extending to the right cheek. A running type of knot was present on the left side of the neck, and the ligature mark was brownish, dry, hard and parchment-like and completely encircled the neck running obliquely from right to left.
Examination of the body of the adult female showed the following:
It weighed 44.0 kg and measured 163 cm in length. Rigour mortis was present all over the body. Fixed postmortem staining was present over both the upper and lower limbs. The conjunctiva was pale bilaterally. Two ligatures were present encircling the neck, the first one was a black and white coloured chequered patterned towel and the other was a pink coloured chiffon cloth (chunni). Both were secured by a fixed knot on the left side of the neck. External examination revealed two oblique ligature marks completely encircling the neck.
Examination of the bodies of the two children, an 8year-old female and a 5-year-old male showed the following:
They weighed 24.5 and 17.0 kg with respective lengths of 134 and 114 cm. Rigour mortis was present all over the body. Fixed post-mortem staining was present in both the upper and lower limbs. In the female child, the tongue protruded externally between the teeth and dry salivary stains were present at the left angle of the mouth extending downwards. A multicoloured towel was used as the ligature material in the female child, which consisted of four complete turns encircling the neck and was firmly secured by a fixed knot on the right side. A pink coloured cloth was used in the male child with two turns around the neck with a fixed knot on the right side. The ligature marks were complete and oblique and involved a large part of the front of the neck in both cases. There was no evidence of haemorrhages neither in the conjunctive nor on the face. The course and appearance of the ligature mark around the neck in both children are shown in Fig. 2a and b respectively.
No other significant injuries were observed externally on the bodies of the dead victims. Neck dissection of the deceased adults and children showed shiny underlying soft tissue with the absence of strap muscle haemorrhage. Neck muscles and thyrohyoid complex were intact. Stomach mucosa and internal organs were congested in all decedents. The toxicological screening of viscera at Regional Forensic Science Laboratory (RFSL) was positive for chlorine-containing organophosphate compound in adult female and both children, and negative for metallic poisons, ethyl and methyl alcohol, cyanide, alkaloids, barbiturates, tranquillizers and pesticides. The cause of death was opined as ante-mortem hanging in all four deceased family members.
Discussion
Suicide is a well-known global phenomenon and is responsible for the death of about 800,000 individuals every year worldwide. Dandona et al. 2017 ). The share of hanging among total suicides has shown an increasing trend; it constituted 37.0% in 2012, 39.8% in 2013, 41.8% in 2014 and 45.6% in 2015 of all suicides (Ncrb.gov.in 2016; Ncrb.gov.in 2015) . Suicide is usually an individual event, but sometimes two or more persons are involved in the activity, which may be with or without a pact. When the death of two or more person occurs simultaneously or one after another, it is known as dyadic death. A few cases of suicidal pacts have been reported in India. Common methods used by victims included hanging, drowning and poisoning (Rastogi and Nagesh 2008; Behera et al. 2014; Behera et al. 2017; Kuttichira 2018) . A unique incident of a suicide pact was reported in Indian press where all 11 family members were found hanged inside their home. A suicide note was retrieved from the scene which indicated failure of salvation as the reason behind the incident (The Economic Times 2018).
Homicide-suicide complex remains a vastly studied area in forensic pathology. Filicide-suicide is one of its subcategories where victims are the children and perpetrators are one or both parents (Behera et al. 2015 ). An episode of filicide-suicide may be associated with factors such as job loss, social isolation and lack of support, indebtedness and depression. It has been observed that after killing their children, parents are more likely to commit suicide (Shields et al. 2015; Galta and Olsen 2010) . Previous studies have shown that common methods in homicidesuicide include shooting and carbon monoxide as well as other forms of asphyxiation such as drowning and hanging (Du Plessis and Hlaise 2012; Flynn et al. 2009; Sikary et al. 2016) . Hanging was reported to be the leading cause of suicide among homicide-suicide complex in England and Wales (Travis et al. 2007 ), while in another study hanging was observed to be the second leading cause of suicide in Pretoria region (Jena et al. 2009 ). Homicidal hanging of a child in a case of homicidesuicide hanging was reported (Sauvageau 2009 ); another case of double hanging, where a man first stabbed his wife, hanged his son and then hanged himself in the house, was discussed (Lew 1988) . Another rare case of homicide-suicide in which the father committed suicide by hanging after inflicting cut throat injury to both her daughters followed by hanging them was also reported in another study (Prasad et al. 2007) . A 5-year retrospective study was conducted on the trend of homicidesuicide deaths where it was detected that drowning and burning were the most preferred methods adopted by perpetrators (Gupta and Singh 2008) . They reported an annual incidence of homicide-suicide as 1.8 per 100,000 population (Gupta and Singh 2008) . Drowning as a method of homicide-suicide was also reported where the mother committed suicide by drowning after killing her three daughters by throwing them into the water tank (Ateriya et al. 2019) . Another study reported homicidesuicide by means of a firearm (Behera et al. 2009 ). Combination of homicidal methanol poisoning and suicidal run-over by train is also reported in literature (Sikary and Behera 2017) .
Though cases involving children in homicide-suicides are described in literature, quadruple hanging involving children and adults in homicide-suicides to the best of our knowledge, this instance is unique. In the present case, no evidence of any other injury was found on the bodies of both children along with the absence of any petechial haemorrhages in the conjunctiva and/or skin. Organophosphate compounds as a pest control are easily available to farmers in India. So, it was not a big deal to the deceased male to get this product. Reports from the Forensic Science Laboratory confirmed the presence of chlorine-containing organophosphate in the viscera of both children and mother. Presences of vomitus at the crime scene suggested that this compound was ingested by the victims, most probably mixed with food. In the reported case, the two children were most likely hanged by the parents during sleep and/or under the intoxication, following which the parents committed suicide by hanging themselves. The possibility of the homicidal killing of the mother and children followed by suicide by the father was explored too. Circumstances of death, death scene investigations and absence of struggle marks or injuries on the adult female, except for the ligature mark, were all suggestive of homicide involving the children followed by suicide by the father and mother. The possibility of female being rendered incapacitate due to poisoning followed by homicidal hanging by husband cannot be completely ruled out. The fact that no other injuries apart from the ligature mark were observed at autopsy is suggestive of the lack of use of force and indicates the possibility of a pact between the parents. Lack of suicide note, however, makes it very difficult to find if the decision of homicide-suicide was taken independently or collectively by both parents (Marcikic et al. 2011) . The reason of sparing the eldest son also remains unclear. It was presumed that he could have offered substantial resistance leading to the possible failure of the pact, or maybe the couple thought he being the eldest could survive alone, and wanted someone to continue their family lineage after them.
Conclusions
Filicide-suicide incidents need detailed investigation to look for various provoking factors such as marital disharmony, depression, debt or financial problems or child's medical condition. In such cases, collected information during police and crime scene investigations as well as autopsy findings should be corroborated carefully to avoid missing valuable information that can reveal an unknown perpetrator related to the incident. In such cases, forensic pathologist plays a critical role in the assessment and determination of the various risk factors associated with such incidences to the medical and legal community.
Police interrogation in the present case revealed that the earnings of the parents, who worked as farmers, were not sufficient to meet their daily expenses. Their inability to repay their debts and pending dues possibly prompted them to take such an extreme step. Death scene investigations did not find anything suggestive of the involvement of external perpetrators, and the autopsy observations confirmed the cause of death as hanging in this rare setting of filicide-suicide.
Abbreviation RFSL: Regional Forensic Science Laboratory
